Trichoplax adhaerens, the only known species of Placozoa is likely to be closely related to an early metazoan that preceded branching of Cnidaria and Bilateria. This animal species is surprisingly well adapted to free life in the World Ocean inhabiting tidal costal zones of oceans and seas with warm to moderate temperatures and shallow waters. The genome of T. adhaerens (sp. Grell) includes four nuclear receptors, namely homologues of RXR (NR2B), HNF4 (NR2A), COUP (NR2F) and ERR (NR3B) that show a high degree of similarity with human homologues. In the case of RXR, the sequence identity to human RXR alpha reaches 81% in the DNA binding domain and 70 % in the ligand binding domain. We show that T. adhaerens RXR (TaRXR) binds 9-cis retinoic acid (9-cis-RA) with high affinity, as well as high specificity and that exposure of T. adhaerens to 9-cis-RA regulates the expression of the putative T. adhaerens homologue of vertebrate L-malate-NADP+ oxidoreductase (EC 1.1.1.40) which in vertebrates is regulated by a heterodimer of RXR and thyroid hormone receptor. Treatment by 9-cis-RA alters the relative expression profile of T. adhaerens nuclear receptors, suggesting the existence of natural ligands. Keeping with this, algal food composition has profound effect on T. adhaerens growth and appearance. Our results uncover an endocrine-like network of nuclear receptors sensitive to 9-cis-RA in T.
42 heterodimer of RXR and thyroid hormone receptor. Treatment by 9-cis-RA alters the relative 43 expression profile of T. adhaerens nuclear receptors, suggesting the existence of natural ligands.
44 Keeping with this, algal food composition has profound effect on T. adhaerens growth and 45 appearance. Our results uncover an endocrine-like network of nuclear receptors sensitive to 9-cis-46 RA in T. adhaerens and support the existence of a ligand-sensitive network of nuclear receptors at 47 the base of metazoan evolution. 
56
In contrast to unicellular organisms, metazoans are in need of regulatory mechanisms that 57 provide the means of coordination between various tissues in a tight arrangement with cellular 58 homeostasis. This coordination on the level of humoral signaling includes regulation by nuclear 59 receptors (NRs), which respond to small, mostly hydrophobic molecules, including hormones 60 produced by specific tissues, metabolites or even molecules present in the environment and 61 transfer these signals to the nucleus, and thus leading to a dynamically changing but adaptive gene 62 expression (Escriva et al. 2004 ).
63
NRs therefore play an important role in maintaining intra-and inter-cellular functions in 64 multicellular organisms. Their overall structure is conserved in most nuclear receptors and consists 
101
To date, the nuclear receptor network has mainly been studied in complex organisms 102 already in possession of an extensive endocrine network. Genome analysis of the basal metazoan 103 Trichoplax adhaerens by whole genome sequencing revealed four highly conserved nuclear 104 receptors, namely homologues of HNF4 (NR2A), RXR (NR2B), ERR (NR3) and COUP (NR2F)
105 (Srivastava et al. 2008) . Surprisingly, the degree of conservation of the predicted placozoan NRs 106 with known vertebrate NRs is not only very high at the level of the predicted secondary structure, 107 as can be expected for true NRs, but also at the level of the primary amino acid sequence.
108 Especially the similarity of the placozoan RXR (TaRXR) to its vertebrate homologues is high, as 109 it is in the case of the cubomedusan RXR. T. adhaerens, which shows characteristics of a basal 110 metazoan with only few cell types (Smith et al. 2014 ) and a relatively simple 4 member NR 111 complement, offers a unique model that may shed light on the evolution of gene regulation by 112 NRs.
113
In this presented work, we attempted to study the placozoan RXR homologue functionally. 129 screened for the characteristic molecular signature of the DNA binding domain (C-X2-C-Xl3-C- 224 conditions described and 4-10 animals were removed per 100µl TRIZol reagent. RNA purification 225 was performed according to manufacturer's instructions. Total RNA was measured by a UV 226 spectrophotometer and used as a reference for normalization.
227
Reverse transcription was performed with SuperScript III Reverse Transcriptase according 228 to manufacturer's instructions. The cDNA was then mixed with ddPCR Supermix (Bio-Rad) 229 according to the manufacturer's instructions (corresponding to 100-500 ng of RNA) and analyzed.
230 PCR primers were designed using the UPL online ProbeFinder (Roche) software and were as 231 follows:
232 TaRXR 263 with a sequence identity of 57% and a query coverage of 93% and was assumed to be T. adhaerens 317 to show that TaRXR binds 9-cis-retinoic acid with high affinity and specificity (Fig. 3A) . A 9-cis-318 RA binding assay to determine the dissociation constant of TaRXR indicated high affinity binding 319 with a saturation plateau from 5 nM to 10 nM. This was clearly observed in repeated experiments 320 (Fig. 3B) 
336
Droplet digital PCR showed an increased transcription of the malic enzyme gene after 337 incubation of T. adhaerens with 9-cis-RA, but not with all-trans-RA (Fig 4) . In repeated 338 experiments, we observed that the level of induction was higher at 9-cis-RA concentrations in the 339 range of 1 to 10 nM, than above 10 nM. We also noticed that the level of the induction slightly (Fig 5) . 380 that were varying from greenish to brown and reddish taints depending on the food that was used 381 as singular species food or mixtures (Fig 6) . Also, contaminants from the original algal food, which 382 prevailed in some cultures, had an influence on T. adhaerens growth and behavior. In controlled 383 experiments, it became clear that some food components or food compositions are more affecting 384 the growth and appearance of T. adherens than food availability. When T. adhaerens were fed 385 with equal amounts of algal cells (although they differed in size and expected digestibility), the 386 addition of algae containing red pigments -Cryptophytes (Pyrrenomonas helgolandii and 387 Rhodomonas salina) or Rhodophyta (Porphyridium cruentum) -had a strong positive effect on T.
388 adhaerens growth, especially in combination with the green algae Chlorella sp. (Fig 7) .
389
Furthermore, the addition of Porphyridium cruentum to Chlorella sp. resulted in significant 390 change in circularity, while feeding T. adhaerens with triple food containing Chlorella, 391 Rhodomonas and Porphyridium showed the most pronounced effect. Culturing T. adhaerens on 392 either single food showed similar isoperimetric values (Fig 8) . 527 Nevertheless, the ctenophore Mnemiopsis contains two homologues of NR2A (HNF4) that lack 528 DNA binding domain (Reitzel et al. 2011 ).
In conclusion, the T. adhaerens endocrine-like network supports the hypothesis of a basic 530 regulatory mechanism by NRs, which may have been subspecialized with the appearance of new The effect of 9-cis-RA on the expression of the T. adhaerens closest putative homologue and likely orthologue of L-malate-NADP+ oxidoreductase (EC1.1.1.40).
Ten to fifteen animals were cultured in the dark overnight with indicated ligands or in medium containing only the solvent used for ligand solutions. Total RNA and cDNA were prepared using identical conditions and diluted to working concentrations suitable for ddPCR.
In repeated experiments, incubation with 3 nM 9-cis-RA induced expression of the putative T.
adhaerens L-malate-NADP+ oxidoreductase more than 4 times. Incubation with 30 nM 9-cis-RA induced enzyme expression also, but to a lesser extent and 30 nM all-trans-RA (AT-RA)
did not upregulate the expression of the predicted L-malate-NADP+ oxidoreductase.
Figure 5
The effect of 9-cis-RA on the expression of T adhaerens NRs.
A representative experiment of the expression of T. adhaerens NRs in animals exposed to various concentrations of 9-cis-RA expressed as change of the ratio compared to the control.
One Figure 8
The effect of algal food composition on T. adhaerens growth and appearance.
T. adhaerens was cultured similarly as shown in Fig. 6 
